
 

 

 University of Groningen

Genetic Aspects and Molecular Testing in Prostate Cancer
Mehra, Niven; Kloots, Iris; Vlaming, Michiel; Aluwini, Shafak; Dewulf, Els; Oprea-Lager,
Daniela E.; van der Poel, Henk; Stoevelaar, Herman; Yakar, Derya; Bangma, Chris H.
Published in:
European urology open science

DOI:
10.1016/j.euros.2022.11.011

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2023

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Mehra, N., Kloots, I., Vlaming, M., Aluwini, S., Dewulf, E., Oprea-Lager, D. E., van der Poel, H., Stoevelaar,
H., Yakar, D., Bangma, C. H., Bekers, E., van den Bergh, R., Bergman, A. M., van den Berkmortel, F.,
Boudewijns, S., Dinjens, W. N. M., Fütterer, J., van der Hulle, T., Jenster, G., ... Ausems, M. (2023).
Genetic Aspects and Molecular Testing in Prostate Cancer: A Report from a Dutch Multidisciplinary
Consensus Meeting. European urology open science, 49, 23-31.
https://doi.org/10.1016/j.euros.2022.11.011

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 10-03-2023

https://doi.org/10.1016/j.euros.2022.11.011
https://research.rug.nl/en/publications/5332e62b-202b-49ee-a07f-14c9225ee34e
https://doi.org/10.1016/j.euros.2022.11.011


E U R O P E A N U R O L O G Y O P E N S C I E N C E 4 9 ( 2 0 2 3 ) 2 3 – 3 1
avai lable at www.sciencedirect .com

journal homepage: www.eu-openscience.europeanurology.com
Prostate Cancer

Genetic Aspects and Molecular Testing in Prostate Cancer: A Report
from a Dutch Multidisciplinary Consensus Meeting
Niven Mehra a,*,§, Iris Kloots a,y,§, Michiel Vlaming b,y,§, Shafak Aluwini c,§, Els Dewulf d,§,

Daniela E. Oprea-Lager e,§, Henk van der Poel f,g,§, Herman Stoevelaar d,§, Derya Yakar h,i,§,

Chris H. Bangma j, Elise Bekers k, Roderick van den Bergh l, Andries M. Bergmanm,

Franchette van den Berkmortel n, Steve Boudewijns o, Winand N.M. Dinjens p, Jurgen Fütterer q,
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Background: Germline and tumour genetic testing in prostate cancer (PCa) is
becoming more broadly accepted, but testing indications and clinical consequences
for carriers in each disease stage are not yet well defined.
Objective: To determine the consensus of a Dutch multidisciplinary expert panel on
the indication and application of germline and tumour genetic testing in PCa.
Design, setting, and participants: The panel consisted of 39 specialists involved in PCa
management. We used a modified Delphi method consisting of two voting rounds
and a virtual consensus meeting.
Outcome measurements and statistical analysis: Consensus was reached if �75% of the
panellists chose the same option. Appropriateness was assessed by the RAND/UCLA
appropriateness method.
Results and limitations: Of themultiple-choice questions, 44% reached consensus. For
menwithout PCa having a relevant family history (familial PCa/BRCA-related hered-
itary cancer), follow-up by prostate-specific antigen was considered appropriate.
For patients with low-risk localised PCa and a family history of PCa, active surveil-
lance was considered appropriate, except in case of the patient being a BRCA2 germ-
line pathogenic variant carrier. Germline and tumour genetic testing should not be
done for nonmetastatic hormone-sensitive PCa in the absence of a relevant family
history of cancer. Tumour genetic testing was deemed most appropriate for the
identification of actionable variants, with uncertainty for germline testing. For
tumour genetic testing in metastatic castration-resistant PCa, consensus was not
reached for the timing and panel composition. The principal limitations are as fol-
lows: (1) a number of topics discussed lack scientific evidence, and therefore the
recommendations are partly opinion based, and (2) there was a small number of
experts per discipline.
Conclusions: The outcomes of this Dutch consensus meeting may provide further
guidance on genetic counselling and molecular testing related to PCa.
Patient summary: A group of Dutch specialists discussed the use of germline and
tumour genetic testing in prostate cancer (PCa) patients, indication of these tests
(which patients and when), and impact of these tests on the management and
treatment of PCa.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY license (http://creativecommons.

org/licenses/by/4.0/).
1. Introduction

The role of germline and tumour genetic testing in the care of
menwith prostate cancer (PCa) is increasing. The detection of
pathogenic alterations (single nucleotide variants/insertions
and deletions/structural variants) can impact treatment deci-
sions and future cancer screening recommendations, and
may also identify additional cancer risks for the patient’s
male and female blood relatives. Germline pathogenic/likely
pathogenic variants ([L]PVs) are reported in 7–16% of men
with metastatic PCa and most frequently observed in DNA
damage repair (DDR) and DNAmismatch repair (MMR) genes
[1–3]. The most common (L)PVs in DDR genes are BRCA2,
CHEK2, ATM, and BRCA1 [2]. In localised disease, germline
(L)PVs are found in �4–6% of men with high-risk and in
<5% of men with low-risk localised PCa [2,4,5]. Somatic (L)
PVs in DDR genes occur in �23% of patients with metastatic
castration-resistant PCa (mCRPC), mainly in BRCA2 and ATM
[6]. Defective MMR genes and/or high microsatellite instabil-
ity (MSI-H) occurs in �3–8% of PCa patients [7,8]. Three
biomarker-driven therapies have been approved by the Food
and Drug Administration and/or European Medicines Agency
for mCRPC. These are immune checkpoint inhibitor pem-
brolizumab for patients with advanced MMR-deficient and/
orMSI-H cancers, and the poly ADP-ribose polymerase inhibi-
tors (PARPi) olaparib and rucaparib for mCRPC patients with
DDR alterations, including canonical genes in homologous
recombination repair (HRR).

Despite a broader acceptance of the importance of germ-
line and tumour genetic testing in PCa management, the
application of testing still varies, partly due to uncertainties
on its clinical consequences in various disease stages and a
lack of clear recommendations for clinical practice. Regard-
ing tumour genetic testing, there is no reimbursement, cen-
tralisation, or recommendations on gene panel or tissue
requirements, and timing of testing. In addition, (inter)na-
tional guidelines show variability in their recommendations
for germline and tumour genetic testing (Supplementary
material) [9–12]. To attempt to provide clarity in areas of
consensus and uncertainty, a Dutch consensus meeting
was organised, aiming to collect the opinion of a multidisci-
plinary expert panel on several clinical scenarios that can be
used to support practising physicians in their management
of PCa patients.

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
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2. Participants and methods

2.1. Set-up

The consensus meeting was set up by a multidisciplinary scientific com-

mittee and an advising methodologist. The approach combined elements

from the Delphi method, Nominal Group Technique, and consensus

development techniques [13].
2.2. Panel composition

The multidisciplinary panel consisted of representatives from the fol-

lowing specialities: urology (N = 10), medical oncology (N = 8), radiation

oncology (N = 4), clinical genetics (N = 4), pathology (N = 2), clinical

molecular biology (N = 4), radiology (N = 3), and nuclear medicine

(N = 4). The selection criteria included clinical and scientific expertise

in the field of PCa, geographic spread, and availability to participate in

both voting rounds and the virtual consensus meeting.
2.3. Explorative survey

Based on a literature search and clinical expertise of the scientific com-

mittee members, an explorative survey was compiled including different

clinical scenarios with questions related to the genetic and molecular

landscape of PCa. Panellists were asked to complete the survey and pro-

vide suggestions for improvement. Before completion of the survey, pan-

ellists were asked to watch two pre-recorded presentations on genetics

of PCa and molecular testing for PCa.
2.4. Consensus meeting

The first-round survey results were discussed during a virtual confer-

ence meeting (February 11, 2022) in light of the available evidence,

and proposals for adaptations were made. The refined clinical scenarios

and questions were sent out in a second survey, 1 wk after the virtual

conference. This survey was based on 11 patient scenarios and contained

36 questions, 18 with a multiple-choice format and 18 with rating the

appropriateness of options on a nine-point scale (1–3: inappropriate,

4–6: uncertain, and 7–9: appropriate). All questions included the option

‘‘can’t judge’’ in case the expert lacked experience for a specific question

or felt unable to vote for any other reason. Participants were explicitly

instructed to give their personal opinion in light of the available evi-

dence and (inter)national guidelines, disregarding the costs of testing

and other potential constraints.
2.5. Statistical analysis

For multiple-choice questions, strong agreement (consensus) and fair

agreement were defined as the situation in which �75% or 50–74% of

the panellists, respectively, chose the same option. If the option ‘‘can’t

judge’’ was chosen, the answer was excluded from the agreement

calculations.

Appropriateness was calculated using the mathematical rules typi-

cally applied in RAND/UCLA appropriateness method studies [14]. An

option was considered appropriate if the median panel score was

between 7 and 9, and inappropriate if the median was between 1 and

3, in the absence of disagreement. Disagreement was defined as the sit-

uation in which at least one-third of the panellists scored in each of the

sections 1–3 and 7–9. All other outcomes were deemed ‘‘equivocal/

uncertain’’.
3. Results

3.1. No PCa diagnosis but familial PCa and/or family history
of other cancers

In all scenarios (Supplementary material), follow-up by
prostate-specific antigen (PSA) was considered appropriate
and no further follow-up inappropriate (Table 1). Referral
to a clinical geneticist for further genetic counselling was
deemed appropriate when a first-degree relative had
ovarian/breast cancer, but uncertain if only familial PCa
was present (Table 1).

3.2. Low-risk PCa and family history of PCa

In these clinical scenarios (Supplementary material), the
panellists considered tumour genetic testing inappropriate
and germline testing appropriate only if a BRCA2 germline
(L)PV was present in the family (Table 2). Active surveil-
lance (AS) was considered appropriate in most scenarios,
but uncertain when the patient was a carrier of the BRCA2
germline (L)PV that was identified in the patient’s family
(Table 2).

3.3. Nonmetastatic hormone-sensitive PCa

There was consensus that germline (85%) or tumour (81%)
genetic testing should not be recommended for patientswith
nonmetastatic hormone-sensitive PCa (HSPC) not having a
relevant family history of PCa or other cancers. Germline
testingwas considered appropriate for patientswith a family
history of relevant cancers and uncertain for thosewith a PCa
family history. Tumour genetic testing was not recom-
mended in these subgroups (Supplementary material).

3.4. Metastatic HSPC

In the absence of a relevant family history, scenarios for
germline testing were deemed inappropriate for both the
de novo and the recurrent setting in patients with M1a dis-
ease, visceral metastases (liver/lung), high-volume disease
(bone), and low-volume disease. Tumour genetic testing
was deemed inappropriate for de novo M1a HSPC and
uncertain in all other scenarios (Supplementary material).
If tumour genetic testing was performed, the panellists con-
sidered further germline testing appropriate in patients
with high-volume mHSPC (CHAARTED criteria) having a
BRCA1/2 tumour (L)PV or a non-BRCA1/2 tumour (L)PV (eg,
ATM, CHEK2; Supplementary material). The panellists
agreed that the choice of upfront treatment does not
depend on the presence of a BRCA2 tumour (L)PV in both
de novo low-volume and high-volume disease (Table 3).
In mHSPC patients for whom tumour genetic testing is rec-
ommended, a biopsy of a metastatic lesion was preferred
over other options (Table 3).

3.5. Metastatic CRPC

Germline testing was considered uncertain while tumour
genetic testing was considered appropriate to identify



Table 1 – Panel appropriateness outcomes for a man without a PCa diagnosis, and presence of familial PCa with or without other relevant family
history of cancer (N = 39 panellists)

DRE = digital rectal examination; (L)PV = (likely) pathogenic variant; mpMRI = multiparametric magnetic resonance imaging; PCa = prostate cancer;
PSA = prostate-specific antigen.
Appropriateness: green—appropriate (median score 7–9, no disagreement), red—inappropriate (median score 1–3, no disagreement), yellow—uncertain (me-
dian score 4–6 and/or disagreement).
(D) Disagreement: at least one-third of the scores in each of the sections 1–3 and 7–9.
Familial PCa: Three or more family members with PCa, or two or more family members with PCa diagnosed at �55 yr of age, or PCa in three generations within
one branch of the family. In all cases: first- or second-degree family members and PCa with Gleason score �7 [11].
aEspecially important for the female relatives of the man.
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actionable variants in a mCRPC patient (Table 4). Specific
patient and disease characteristics hardly influenced the
appropriateness of performing tumour genetic testing (Sup-
plementary material). Further germline testing was deemed
appropriate in mCRPC patients having a BRCA1/2 tumour (L)
PV (Table 4). For mCRPC patients fit enough to receive sev-
eral therapy lines and not yet treated with novel hormonal
agents (NHAs) or chemotherapy in the mHSPC setting, the
opinions on the timing of tumour testing were dispersed:
in routine practice, 35% of the panellists would recommend
a tumour genetic test before any treatment for mCRPC, 26%
after an NHA for mCRPC, 35% after an NHA and docetaxel for
mCRPC, and 4% if no other treatment options are available
(Supplementary material). In an experimental setting, the
proportion of panellists recommending a tumour genetic
test before any treatment for mCRPC was substantially
higher (74%). Regarding the tissue source for tumour
genetic testing, a new biopsy of a metastatic lesion was
favoured over the other options (Table 4). For performing
tumour genetic testing, no agreement was found for the
minimum requirement of tumour percentage of the biopsy
material and the biopsy age (Supplementary material). The
recommendations for the gene panel composition differed
between routine clinical practice (registered drugs) and
experimental options, and larger panels would be preferred
in experimental situations (Fig. 1). In relation to the
required facilities for tumour genetic testing, 53% of the
panellists recommended a hospital with a molecular
tumour board and a clinical genetic laboratory, where 44%
considered access to a molecular tumour board to be suffi-
cient (Supplementary material). There was no consensus on
when to initiate a targeted therapy or immunotherapy in an
mCRPC patient with specific actionable (L)PVs (Table 5).
4. Discussion

4.1. No PCa diagnosis

For men without PCa but having a relevant family history,
being either familial PCa or a positive family history of
BRCA-related hereditary cancer (eg, breast, ovarian, and/or
pancreatic cancer in first- or second-degree relative),



Table 2 – Appropriateness outcomes for a man diagnosed with low-risk PCa (N = 39 panellists)

ECOG PS = Eastern Cooperative Oncology Group performance status; (L)PV = (likely) pathogenic variant; mHSPC = metastatic hormone-sensitive prostate
cancer; PCa = prostate cancer; PSA = prostate-specific antigen.
Appropriateness: green—appropriate (median score 7–9, no disagreement), red—inappropriate (median score 1–3, no disagreement), yellow—uncertain (me-
dian score 4–6 and/or disagreement).
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follow-up by PSA alone was considered appropriate. This is
in line with the current Dutch guidelines, recommending
PCa screening for first-degree relatives of patients from
families with familial PCa starting at 50 yr of age (or 5 yr
before the age of the youngest diagnosed PCa patient in
the family) or for BRCA2 (L)PV carriers starting from 45 yr
of age (or 5 yr before the age of the youngest diagnosed
PCa patient in the family) [11]. In addition, the European
Association of Urology guidelines recommend early PSA
testing for well-informed men from 45 yr of age and having
a family history of PCa, and for men carrying BRCA2 (L)PVs
from 40 yr of age [9]. The IMPACT study, evaluating the role
of targeted PSA screening in men with BRCA1/2 or MMR
germline (L)PVs, supports the role of yearly PSA screening
in men aged 40–69 yr with BRCA2, MSH2, and MSH6 germ-
line (L)PVs [15,16]. Another study evaluated imaging- and
PSA-based PCa screening in men aged 40–70 yr with
BRCA1/2 germline (L)PVs, and found that carriers <55 yr
could benefit from initial multiparametric magnetic reso-
nance imaging (mpMRI) screening [17]. However, 90% of
patients had a Jewish founder (L)PV, and therefore results
cannot be generalised to other ethnic groups. Multipara-
metric MRI is not recommended as a screening tool by
international guidelines [9], with additional research
needed to underscore the value of mpMRI in patients with
germline (L)PVs in diverse ethnic backgrounds, and in those
with elevated and nonelevated PSA levels. At present, the
panel deemed follow-up by mpMRI inappropriate/uncertain
in the queried clinical scenarios. Referral to a clinical geneti-
cist for further genetic counselling was considered uncer-
tain in case of familial PCa, but appropriate if a positive
family history of breast/ovarian cancer was present. The
current Dutch guidelines do not recommend germline test-
ing for families with familial PCa only [11]. These outcomes
also reflect that collecting detailed family history, not lim-
ited to PCa, is key.
4.2. Nonmetastatic HSPC

AS is a recommended management strategy for patients
with low-risk localised PCa [9]. For the scenarios with
low-risk PCa and PCa family history, the outcome for AS
was appropriate but changed to uncertain when the patient
had a BRCA2 germline (L)PV. Germline (L)PVs in BRCA2 and
ATM seem to be associated with an aggressive phenotype,
lethal PCa, and earlier age at death and shorter disease-
specific survival [18,19]. Data showed that among men
undergoing AS, grade reclassification was associated with
BRCA1/2 and ATM germline (L)PVs [20]. This association
was strongest for men with BRCA2 (L)PVs. BRCA2 carriers
had a five-fold higher risk of reclassification to Gleason
grade group 3 after diagnosis of Gleason grade group 1 ver-
sus noncarriers. Although long-term outcomes of AS for
low-risk PCa among BRCA2 carriers are not available, AS
may be feasible for these patients, but careful monitoring
is advised. Consensus was reached that germline and/or



Table 3 – Panel results on questions regarding mHSPC (N = 39
panellists)

Question Panellists
(%) a

Can’t
judge (%)

Does the presence of a BRCA2 tumour (L)PV in a
patient with de novo, low-volume mHSPC
have an impact on the choice of your upfront
treatment?

35.9

No 88.0
Yes 12.0

Does the presence of a tumour (L)PV in a non-
BRCA gene (eg, CHEK2) in a patient with de
novo, low-volume mHSPC have an impact on
the choice of your upfront treatment?

35.9

No 96.0
Yes 4.0

Does the presence of a BRCA2 tumour (L)PV in a
patient with de novo, high-volume mHSPC
have an impact on the choice of your upfront
treatment?

35.9

No 76.0
Yes 24.0

In case a tumour genetic test is recommended
for a patient with a primary diagnosis of
mHSPC (de novo), then the following source
of tissue is preferred:

23.1

Biopsy primary tumour 20.0
Biopsy metastatic lesion 80.0

In case a tumour genetic test is recommended
for a patient with progressive disease
following curative treatment, then the
following source of tissue is preferred:

17.9

Archived tissue of primary tumour 3.1
New biopsy of primary tumour if possible 9.4
Biopsy of a newly diagnosed metastatic lesion 87.5

(L)PV = (likely) pathogenic variant; mHSPC = metastatic hormone-sensi-
tive prostate cancer.
The bold values represent statements for which �75% of the panellists
chose the same option (consensus).
a Percentage of valid answers, that is, after the exclusion of the ‘‘can’t
judge’’ category.

Table 4 – Panel appropriateness outcomes in the mCRPC setting (N = 39

(L)PV = (likely) pathogenic variant; mCRPC = metastatic castration-resistant pros
No disagreement for all questions.
Appropriateness: green—appropriate (median score 7–9, no disagreement) and y
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tumour genetic testing should not be considered in patients
diagnosed with localised/locally advanced PCa who lack a
family history of PCa or other cancers (Supplementary
material), which is in contrast with the National Compre-
hensive Cancer Network guideline recommendations (Sup-
plementary material) [10]. No pathological factor was
considered appropriate to perform germline and/or tumour
genetic testing for patients with nonmetastatic HSPC. How-
ever, germline (L)PVs, especially in BRCA2, ATM, and MSH2,
seem to be associated with PCa in grade group 5 [5].
Another study found that a Gleason score of �8 was associ-
ated with DDR germline (L)PVs [21]. Several retrospective
studies showed an association between the presence of
intraductal or cribriform pathology, and germline (L)PVs
in DDR genes, mainly BRCA2 [22].
4.3. Metastatic PCa

Although generally recommended by international guideli-
nes [9,10,12], the panel considered a more limited role for
germline testing in patients diagnosed with metastatic
PCa. It was particularly recommended when BRCA1/2 or
non-BRCA1/2 tumour (L)PV (eg, ATM, CHEK2) were identified
(Supplementary material). A germline-focussed analysis fol-
lowing tumour sequencing has multiple advantages in the
metastatic PCa setting [23]. More than half actionable
DDR mutations will be missed by germline testing alone,
and therefore germline testing should never substitute for
tumour testing, when the goal is providing access to preci-
sion medicine. Only patients with tumour-detected patho-
genic variants of potential germline origin can be referred
for genetic counselling and subsequent germline testing.
This improves efficiency as there is a lack of genetic coun-
sellors and geneticists. We also acknowledge the impor-
tance of increasing awareness about the personal and
panellists)

tate cancer.

ellow—uncertain (median score 4–6 and/or disagreement).



Fig. 1 – Panel outcomes on the most relevant gene panel to use for tumour genetic testing in a patient with mCRPC for (A) clinical decision-making in daily
practice and (B) research purposes. DRUP = Drug Recovery Protocol (Dutch study investigating the efficacy of targeted therapy and immunotherapy, in
patients with advanced/metastatic cancer, not eligible for standard treatment and having specific somatic mutations); mCRPC = metastatic castration-
resistant prostate cancer; MSI = microsatellite instability; TMB = tumour mutation burden.

Table 5 – Panel results on questions regarding treatment choices for
patients with mCRPC (N = 39 panellists)

Question Panellists
(%) a

Can’t
judge (%)

When would you use a PARPi in a patient with
mCRPC and a BRCA1/2 germline and/or
tumour (L)PV?

53.8

After one line of NHA 27.8
After one line of NHA and docetaxel 72.2
After one line of NHA and two lines of
chemotherapy

0

Not as long as other treatment options are
available

0

When would you use an immune checkpoint
inhibitor in a patient with mCRPC and an
MMR (L)PV or MSI?

53.8

After one line of NHA and docetaxel 61.1
After one line of NHA and two lines of
chemotherapy

33.3

I would not use an immune checkpoint
inhibitor

5.6

Do you recommend platinum-based
chemotherapy to patients with mCRPC and a
BRCA1/2 tumour and/or germline (L)PV
before a possible treatment with a PARPi?

56.4

Yes, but only when naïve for NHA 5.9
Yes, after �1 lines of NHA 17.6
Yes, after �1 lines of NHA and 1 line of
chemotherapy

23.5

No 52.9
Do you recommend platinum-based

chemotherapy to patients with mCRPC and a
BRCA1/2 tumour and/or germline (L)PV after
progression with a PARPi?

59.0

Yes 81.3
No 18.8

(L)PV = (likely) pathogenic variant; mCRPC = metastatic castration-resis-
tant prostate cancer; MMR = mismatch repair; MSI = microsatellite
instability; NHA = novel hormonal agent; PARPi = poly ADP-ribose poly-
merase inhibitor.
The bold values represent statements for which �75% of the panellists
chose the same option (consensus).
a Percentage of valid answers, that is, after the exclusion of the ‘‘can’t
judge’’ category.
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family characteristics that are related to possible germline
pathogenic variants. To improve germline genetic testing
in patients who fulfil clinical genetic criteria for germline
genetic testing, urologists and oncologists may provide
pretest genetic counselling and order germline genetic tests
(the so-called mainstream genetic testing pathway) [21].
Several initiatives around the world currently assess the
feasibility of this pathway in PCa care. It should be noted
that in 7–10% of patients with established germline (L)
PVs, these variants were missed in tumour sequencing
[24,25]. This warrants a patient-specific consideration of
germline testing in patients with a negative tumour test,
when a tumour-first pathway is applied.

The panellists preferred newly obtained biopsies over
archived diagnostic tissue of the primary tumour as a
source for tumour genetic testing (Supplementary mate-
rial). In the phase III PROfound study, next-generation
sequencing (NGS) results were acquired in 58% of the sam-
ples, and were more frequently achieved for newly obtained
versus archival and for metastatic versus primary tumour
samples [26]. However, nearly half of mCRPC patients have
bone-predominant disease, and biopsies of bone lesions can
be a technically challenging procedure [27]. With regard to
the assessment of the full spectrum of actionable alter-
ations, the tumour content impacts the ability to identify
homozygous deletions and biallelic inactivation/loss of
heterozygosity. Opinions on the minimum needed tumour
content, the minimum tissue sample age, which gene panel
to use, and the timing for somatic testing varied consider-
ably, and no consensus was obtained. Owing to a genetic
drift partly due to selective pressure from anticancer thera-
pies, tumour (L)PVs may evolve over time, questioning the
timing to perform tumour genetic testing and the choice
of tissue sample [28,29]. The chance of obtaining an NGS
result declined with increasing sample age, mainly because
of failure to extract sufficient DNA, but approximately half
of the samples aged >10 yr yielded results [26]. Another
study found that primary prostate tissue accurately reflects
the status of the most common actionable DDR gene alter-
ations with an overall concordance with metastatic tissue
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of 84% [30]. In another matched series, also minimal discor-
dance between hormone-naïve and mCRPC biopsies was
seen in relevant DDR genes [31]. However, for infrequent
druggable alterations, a metastatic tissue sample might still
be more accurate in identifying actionable (L)PVs and resis-
tance mechanisms.

In patients with de novo mHSPC, presence of a BRCA2
tumour (L)PV would influence the choice of upfront treat-
ment in only a minority of panellists (Supplementary mate-
rial). The panellists mostly opted for more aggressive
treatment, mainly addition of an NHA, although some
would consider triplet therapy with an NHA and docetaxel
for high-volume disease. Prior taxane therapy was not man-
dated in the PROfound study, with unplanned subgroup
analyses showing efficacy for olaparib independent of tax-
ane use [32]. There was fair agreement between the panel-
lists (72%) to offer a PARPi following one line of NHA and
one line of chemotherapy. Opinions on the timing to per-
form tumour genetic testing in daily clinical practice for
an mCRPC patient were dispersed (Supplementary mate-
rial). When patient allocation into precision medicine trials
is necessary, there was fair agreement (74%) that tumour
genetic testing should ideally be performed in treatment-
naïve mCRPC (Supplementary material). According to a
recent study, 45.5% of Dutch patients harbour one or more
actionable alterations in genes as per the ESMO Precision
Medicine Working Group recommendation, with >60% of
patients allocated within a precision medicine trial, includ-
ing the Drug Rediscovery Protocol (DRUP) trial running in
over 30 Dutch centres [33]. As targeted therapy and
immunotherapy within this trial can be administered only
after NHAs and taxanes, some panellists believed that many
patients would not be suitable study candidates when
tested in end-stage (mCRPC) disease. In those cases, tumour
genetic testing should be avoided.

4.4. Limitations

As some topics discussed lack scientific evidence, recom-
mendations are partly opinion based. Another limitation
concerns the small number of experts per discipline.
5. Conclusions

The identification of germline and/or tumour (L)PVs could
have a profound impact on the management of PCa. The
results of this multidisciplinary consensus study may pro-
vide further guidance to practising clinicians.
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